Thermal fatigue and fracture behavior of plasma-sprayed ceramic thermal barrier coatings has been investigated under high heat flux and thermal cyclic conditions. The coating crack propagation is studied under laser heat flux cyclic thermal loading, and is correlated with dynamic fatigue and strength test results. The coating stress response and inelasticity, fatigue and creep interactions, and interface damage mechanisms during dynamic thermal fatigue processes are emphasized.
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TECHNICAL
MEMORANDUM. Scientific and technical findings that are preliminary or of specialized interest, e.g., quick release reports, working papers, and bibliographies that contain minimal annotation. Figure 3 shows crack lengths and the corresponding crack propagation rates of several laser tested TBC specimens as a function of cycle number. For the specimen tested, the initial average crack propagation rate was in the range of 3 to 8 _tm/cycle. However, the crack propagation increased significantly with further laser cycling. At the later stage near the coating spallation, the crack propagation rates increased to as high as 30 to 40 _tm/cycle. A mixed coating delamination crack propagation path (either in the ceramic near the ceramic/bond coat interface or in the thermally grown oxide scales) was observed for the tested specimens. The accelerated crack growth under laser heat flux cyclic conditions is attributed to the increased driving force (the increased thermal stresses) for the crack propagation.
A critical crack size can be reached to initiate catastrophic coating spallation from the subcritical crack propagation during laser thermal cyclic loading exposure.
The critical buckling-spallation crack size, 2a (the diameter of an approximate pennyshaped delamination crack), can be determined from the crack size plots (Fig. 3) at the coating spallation point. The critical crack size for initiating spallation was found to be in the range of 3 to 5 mm. However, the final spallation size for the coating ranged from 5 to 12 mm after the laser cyclic testing, due to the fast, unstable crack propagation after the initial spallation. The critical spallation size as a function of coating thickness was plotted in Fig. 4 . It can be seen that a larger critical crack size is needed to spall a thicker coating. For simplicity purpose and without considering the complex nature of thermal visco-plasticity behavior of the TBC system, the critical coating buckling spallation strain can be estimated from the classical elastic theory for a clamped circular plate [ 16] am,,/E = [tc/12(I-v2 )_t / a) 2 In this study, in order to assess the effect of the thermal stress intensity factor amplitude AK on coating crack propagation, a coating delamination and buckling spalling model was used [17] . Based on the stress amplitude derived from the measured transient temperature profiles of the coating system, the subcritical crack propagation driving force zkK can be estimated where a is a constant and a --0.399 if taking v =0.25, Act, is the transient stress associated stress amplitude, t7_ is the post-buckling stress in the coating. In general, t7_ << Act, under the laser high temperature test conditions. Note that the stress intensity factor amplitude, ___, increases with laser thermal cycle number, because of the increased temperature difference At7, with increasing coating crack length 2a. Figure 5 illustrates the relationship between the delamination crack propagation rate da/dN and the laser thermal transient stress associated stress intensity factor amplitude _, during the laser thermal fatigue testing. The exponent, m, for the delamination fatigue crack growth under the laser thermal cycle driving force AK, was found to be about 5.
Lower m values were observed under larger AK conditions, which may be related to the complexity of the coating delamination-buckeling mechanism under the laser thermal gradient testing. Fig. 6 shows micrographs of laser thermal fatigue tested TBC specimens. As shown in Fig. 6(a) , severe fatigue damages are observed near the earty crack propagation wake surfaces with strong coating asperity/debris interactions and coating multiple delaminations under the laser thermal cyclic loading. However, the later crack paths show relatively smooth surfaces, which corresponds to the faster crack propagation regions under the increased crack propagation driving force. A coating spallation morphology after the laser thermal fatigue test is shown in Fig. 6(b) . Coating spallation morphology after the laser thermal fatigue test.
CONCLUSIONS
A laser thermal fatigue test technique has been used to study the delamination crack propagation of thermal barrier coatings under the heat flux heating and thermal cycfic loading. For the ZrO2-8wt%Y203 coating specimen tested, the initial average crack propagation rate was in the range of 3 to 8 _tm/cycle. The crack propagation rates increased to 30 to 40 gm/cycte at the later stage of the tests. The coating spallation failure mode was observed, and the critical spalling crack size ranged from 3 to 5 mm for the TBC coatings. The accelerated crack growth is attributed to the increased driving force for the crack propagation under the laser heat flux cyclic test conditions.
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